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Abstract 
This paper used active infrared detection technology to design a simple and reliable car voice prompt device with 
high sensitivity, in which infrared transceiver pipes are used for the monitoring of smoke content in the air inside the 
automotive environment. When someone is smoking, the prompt device can achieve automatic monitoring of 
cigarette smoke and send voice prompt signal. Furthermore, the circuit of the on-board voice prompt device is 
illustrated. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
There are three hundred million Chinese people who like smoking, which makes China have the 
world’s largest number of smokers than any other country, and therefore make a great amount of passive 
smokers. Vehicles are characterized by narrow space and lots of crew, and especially in winter and 
summer, when the vehicle is air conditioned, they are in the closed state. Carbon monoxide and other 
harmful gases are produced while the car engine is running, and these gases will flow into the car body 
and endanger human health. Some smokers smoke in this case when the concentration of carbon 
monoxide inside the car is up to several times above normal, which can lead to dizziness, fatigue, nausea 
and other symptoms, and the occurrence of poisoning in some severe cases. However, due to the 
discrepancy of people's quality and cultivation, there are always some people smoking in the car. For fear 
of offending others, people are vulnerable to passive smokers’ hazards. 
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Existing non-smoking prompt devices typically use as resistive semiconductors as the sensor of the gas 
type, concentration and composition inside the car. The detector of the resistive semiconductor gas sensor 
uses the metal oxide semiconductor material with tin oxide as the main component. The sensitivity of gas 
detector sensor for various gases depends on the heater’s temperature carried on the detector. Without 
heating or too low heating voltage will lead to low temperature and insufficient reaction, finally causing 
instability of the sensor. Therefore, the resistive semiconductor gas sensor must work in high 
temperatures and the probe must be repeatedly heated to high temperature. In low temperature, it has a 
poor selectivity of odor or gas, with dispersed component parameters, less ideal stability, and high power 
requirements. When sulfide is mixed with the detected gas, it is easy to cause poisoning. As a result of 
poor stability, it is subject to the environment with short working life.  
Figure 1 Structural diagram of the prompt device for no smoking
2. Components of the prompt device 
This paper aims to design an on-board voice prompt device which is able to prompt messages such as 
"Please do not smoke," "Smoking is not conducive to health", and "I cannot stand the bad air", etc 
automatically or by remote control. It reminds smokers to stop smoking by their own consciousness and 
indirectly uses electronic devices to prompt smokers not to smoke in the car [1].
The prompt device is made up by the photoelectric smoke detector, voice broadcasting system, remote 
receiver control system, power supply and switches. Photoelectric smoke detectors, voice broadcast 
systems, speakers, remote receiver control system, power supply and switches are connected to each other 
(shown in Figure 1). Photoelectric smoke detector is composed by the infrared LED, infrared transmitter 
circuit and infrared receiver module, and infrared receiver circuit [2]; audio playback system is form by 
integrated circuits of voice recording and storage and power amplifier circuit; the remote receiver control 
system consists of remote control transmitter circuit, remote control receiving circuit and microprocessor 
control circuit [3]. Microprocessor control system is responsible for tuning the sensitivity of rechargeable 
smoke detector, and controlling state and content of the speech playback as well as the whole prompt 
device; power is supplied by the battery and also by the on-board 12V cigarette lighter through power 
supply step-down. 
3. Design examples of the prompt device circuit 
3.1. Transistor trigger prompt device 
The circuit is mainly composed by the infrared LED, phototransistor, switches, power supplies, 
transistors, voice Manifold IC11, and speaker BL, etc., of which the infrared LED and phototransistor 
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combine into a series of positive feedback photographic circuit (shown in Figure 2). When the detected air 
inside the car is clean with no smoke and dust, the infrared LED emits infrared light by a pre-set initial 
current, and the resistance of phototransistor Q11 is reduced because of exposure to infrared light, so that 
the current of series circuit gets stronger. The current flows through the infrared LED to make it luminous 
intensity strengthened and continue to illuminate the phototransistor, reducing the phototransistor's 
resistance to even lower to keep cycling into positive feedback process. As a result, the current of the 
series circuit rapidly rise to its maximum value. The voltage drop of the load resistor R11 makes the 
transistor Q12 saturated conduction through blocking diode D11 and transistor Q13 is cut off.  
Consequently, the prompt device does not make a prompt. 
When fumes and dust inside the environment of the detected car increase dramatically, the air 
transparency becomes smaller. The resistance of the phototransistor Q11 increases by the flux decrease, so 
the current of the series circuit get smaller. The current flows through the infrared LED and reduces its 
luminous intensity to keep cycling, which quickly triggers the process of positive feedback. The current of 
the series circuit rapidly reduces to the initial current value, and the voltage drop of the load resistor R11 
is lower than 1.2V. Then, transistor Q12 is cut off, transistor Q13 goes through saturated conduction, and 
speech Manifold IC11 and speaker BL give out speech prompt. 
By adjusting resistor RP11, the starting current of infrared LED can be adjusted; while adjusting the 
resistance RP12, we can adjust the sensitivity of the prompt device.  
                Figure 2 Circuit of transistor trigger prompt device
3.2. 555 trigger prompt device 
The circuit is mainly constituted by the infrared LED, phototransistor Q21, switches, power supply, 
555 Manifold IC21, D flip-flop IC22, voice Manifold IC23, speakers and other components ( shown in 
Figure 3). IC21 and resistance RP21, and photosensitive transistor Q21compose Schmitt trigger. When 
the ambient air inside the car is clean with no smoke and dust, the infrared LED emits the infrared light 
by pre-set initial current, and the resistance of the phototransistor Q21 reduces because of exposure to 
infrared light. As the ② pin voltage of IC21 is lower than 1.7V, IC21 is reset. ③ pin of IC21 change from 
low electrical level to high electrical level, and the state of D flip-flop IC22 flips. As a result, voice 
manifold IC23 does not work, and prompt device does not make a prompt. 
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When fumes and dust inside the environment of the detected car increase dramatically, the air 
transparency becomes smaller. The flux of phototransistor Q21 decreases, ② pin voltage of IC21 with 
increasing resistance is higher than 1.7V, and IC21 is reset. ③ pin of IC21 change from high electrical 
level to low electrical level, and the state of D flip-flop IC22 flips. As a result, voice Manifold IC23 works, 
and speaker BL gives speech prompts.   
By adjusting resistor RP21, the sensitivity of the prompt device can be adjusted; while adjusting 
resistor RP22, we can adjust the current of the infrared LED. 
Figure 3 Circuit of 555 trigger prompt device 
3.3. Sound and light prompt device 
Integrated circuit 555 and the peripheral circuits make up free-running multivibrator before composing 
launch system with infrared LED. In the system, the integrated infrared receivers and transistors receive 
signals, and the integrated circuit 555 and its peripheral circuit form the monostable circuit, and then 
constitute a prompt device circuit with the speaker. When infrared radiation circuit is blocked, the speaker 
sounds an alarm (shown in Figure 4). 
Infrared transmitter circuit consists of IC 555, infrared LED, resistors, capacitors and potentiometers. 
IC 555 and the external circuit together constitute the free-running multivibrator whose duty cycle is 
about 1:10, and changing the potentiometer resistance can change the oscillation frequency. The narrow 
pulse square wave signal output from circuit 555 shoot out approximately parallel beam of infrared pulses 
through the infrared light-emitting diode. Among them, the infrared receiver integrated circuit is 
composed by the infrared receiver, the current limiting resistor and filter capacitor component; switch 
control circuit consists of thyristors, transistors, resistors, capacitors, and components; sound and light 
alarm circuit is composed by the time base integrated circuit555, resistors, capacitors, diodes, light 
emitting diodes, and the speakers. 
The main function of the prompt device circuit of infrared receiver control is to pick up and amplify 
30KHZ IR pulses light sent by the transmitter, and to block or reduce other interfering signals. Finally, 
switch circuit composed by one-way thyristor controls the dedicated speakers. The receiving component 
is made up by the integrated infrared receiver circuit, the switch control circuit and sound and light alarm 
circuit. 
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Figure 4 Structural diagram of sound and light prompt device
3.4. MCU prompt device 
The circuit is a multi-functional prompt with AT89551 as the core, and it requires the circuit to not 
only prompt smoking and display various types of information [4]. With temperature sensors and infrared 
sensors selected as the detection components, the small anti-theft alarm designed by making use of multi-
sensor information fusion technology has the function of theft and fire prevention. 
The research design mainly focuses on contents in the following aspects: to design the overall program 
by taking into consideration price-performance ratio of products and according to the system functional 
requirements. To include the rational design of control chip, that is, the selection and function of MCU, 
and the external circuit; hardware design mainly contains the design of the sensor detection circuit, control 
circuit (consisting of reset and oscillator circuit), prompt device, alarm device, and display circuit as well 
as the rational design of power supply circuit; based on the completion of hardware design, the software 
design uses the structured programming methods to achieve modularity and subroutines of the program, 
including system initialization, the sensor detection process, the main program, process control 
procedures , sound and light alarm program, reminding programs, alarm type display program and so on 
[5].
Remote receiver control system is composed by remote control transmitter circuit, remote control 
receiver circuit and microprocessor control circuit. MCU control system can control and adjust the 
sensitivity of the rechargeable smoke detector, and manage the content and state of the speech playback, 
as well as the work state of the whole prompt device. 
4. Conclusions 
Light signal for detecting smoke can be carried out by smoke’s absorption or scattering of light. 
Smoke’s absorption of light can be used to measure smoke concentrations in a wide range of space, and 
the space between the detector accepting the signal light and signal light source is the test space of smoke. 
The greater the distance between the light detector and light source, the higher sensitivity the detection is. 
Making use of light scattering of smoke particles, we can measure dust concentration by measuring 
scattered light intensity. Therefore, the use of light scattering method to detect smoke particles is a better 
way. 
The several voice prompt devices designed in this paper not only have the advantages of high 
sensitivity, simple structure, stable performance, reliability, and low cost for car smoke detection, but can 
be integrated with related technologies to design products with a variety of flexible features and forms. 
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